In this study we estimate agricultural water footprint and its components from consumption perspective in arid and semi-arid region like Iran. This study is based on blue water consumption in irrigated land. Iran has imported net virtual water about 11.64 billion cubic meters (bcm) as international crop trade in [2005][2006]. Therefore, Iran has depended on virtual water imports. By conserving about 60% irrigation efficiency, the total water requirement to produce imported crops in Iran is nearly 20.78 billion cubic meters. It is nearly 9 percent of renewable water resources and 12.65% agricultural appropriated water which has added to internal water resources. Agricultural virtual water budget is about 112.78 Gm 3 /yr. Agricultural water footprint is 110.2 Gm 3 /yr. About 12.83% of agricultural water footprint of Iran is related to external water resources on the country boundaries. It means external water footprint. Water dependency, water self-sufficiency and water scarcity indexes in agricultural sector of Iran, are estimated 10.1%, 89.9% and 70.8%, respectively.
Introduction
Water is an essential factor for producing goods and services. By increasing population, water resources have become scarce to sufficient production of food. Since the largest share of water consumption is used for food production, the relation between food and water is closed. Per person consumes about 4 liter water in different form, whereas for producing daily food per capita it needs about 2000 liter water [1] . It has estimated that population of Iran will increase to 100 million people in 2030 and we will need about 150 billion cubic meter of water per year to supply food security based on 2600 K Calories energy per capita [2] . Hoekstra and Hung discussed that water should be considered as an economic good. So, they defined three different levels at which decisions can be made and improvements be achieved; local water use efficiency, water allocation efficiency and global water use efficiency [3] and [4] . In addition, Allan introduced "virtual water" in relation to water, food and their trades as the total volume of water used in the production process of commodity [5] [6] [7] .
There are some studies about virtual water trade that show water is a key factor to produce water-intensive products and countries can save their water resources due to using virtual water trade. Consequently, they will allocate water in other sections by virtual water import. This view can reform some water consumption pattern in future. Falkenmark [8] , Savenije [9] , Ringersma [10] and Obuobie et al. [11] mentioned green, blue and gray water distinction. Yang et al. [12] comprised green and blue water features. In addition, in 2002, Water footprint concept was introduced in order to have a consumption based indicator of water use that could provide useful information instead of the traditional production-sectorbased indicators of water use [3] . The water footprint of a country is the volume of water needed for the production of the goods and services consumed by the inhabitants of the country. The water footprint of a nation is related to consumption pattern of nation [3] and [4] . Water footprint presents a wider perspective on how a consumer or producer relates to the use of water resources [13] . Hoekstra and Chapagain [14] defined water footprint components, internal water foot print and external water foot print. Van oel et al. [15] and Hoekstra et al. [16] classi-fied water footprint to green, blue and gray.
In this research, we estimate Water footprint index on agricultural sector of Iran from the user perspective in 2006-2007 based on international virtual water flows related to crop product trades. Therefore, we subtract the virtual water export and add the virtual water import to total national water withdrawal to assess water footprint of Iran. In this study, we conserve irrigation efficiency related to international crop trade from consumption perspective. In Iran an agricultural sector annually uses over 93 percent of total renewable water resources ( Table 1) . The agricultural sector contributes about 27% to the Gross National product (GNP), 23% to employment and more than 80 % to food security of country.
Iran, with an area of 165 million hectares (Mha), is located in semi-arid region of the Middle East. Distribution of precipitation is uneven. The average amount of precipitation over the country is 252 mm/year, which is less than one-third of the world average [2] . Table 1 shows water allocation and use in different categories in Iran.
Methods
In this study, virtual water of 31 important agricultural products (m 3 /ton) is estimated based on crop water requirements and yields according to Hoekstra and Hung [3] These products are categorized in different groups such as cereals, fruits, industrial crops, oil seeds, summer crops, selected fodder crops. The selected crops which have more share in international trade. We have divided the whole irrigated area to 629 agricultural plains that have specific crop pattern (Figure 1) . The computations of net water requirement per crop have been done based on the FAO Penman-Monteith equation in non standard condition. In addition, crop coefficient variation as a function of the plant growth stage was calculated [17] . We have considered typical irrigation methods and irrigation efficiency to calculate irrigation need per each crop. For water footprint calculation, the methodology described Hoekstra and Hung [3] and Van Oel et al. [15] have been used. In this approach, to assess water footprint (Top-Down method), we subtract virtual water export and add virtual water import to total national water withdrawal. National water scarcity, water dependency on foreign water resources and sustainability of national consumption (water self-sufficiency) index had calculated to explain relation between water scarcity and virtual water import of country according to Hoekstra and Hung [3] .
The object of this study has been only focused on the consumption of agricultural products. Since based on Power ministry report, agricultural water allocation is about 94.25% of water resources ( Table 1) . The focus of this study will be on irrigated crops that is mentioned blue water use. In Iran more than 90% of agricultural products have harvested from irrigated land due to climate condition. The blue water use is equal to the irrigation water requirement multiplied by the fraction of the total area of a crop that is irrigated [18] . Water saving due to water import can be seen as a kind of "water footprint" of a country, [3, 15] . The difference of import and export virtual water is the net virtual water content of a country. We have calculated weight average of irrigation efficiency in 629 agricultural plains. So, the real saving water due to the net virtual water import has predicted. agricultural virtual water trade by considering irrigation efficiency has estimated in 2006-2007. Some information about crop pattern, crop productiveity, water resources and soil properties in each region of the country is derived from Power and Agricultural ministry [19] . Climatic data have been taken from Organization weather of Iran [20] . Climatic database have classified daily for 30-year period. In 2005 to 2006, total irrigated land was over 8.425 million hectares. Figure 2 shows the proportion of major agricultural crops and garden products (fruits) from irrigated land area. Also total raw and dry agricultural products were about 77,411 million tons (statistics of agricultural ministry, 2006). Cereals such as wheat (10 million tons), barely (2 million tons), rice (2.5 million tons) were the great product category.
Results
Figure 3 shows virtual water content of different crops in Iran in [2005] [2006] . Virtual water content of each crop has been affected from water requirement and water productivity which are variable in each place. In Iran, some crops such as pistachio, almond, walnut and sunflower have high virtual water. In addition, agricultural water productivity is variable between 0.132 to 8.852 kg·m -3 in different crops without considering irrigation efficiency. In this way we need nearly 40 bcm to produce about 62 million tons of agricultural products. While, by considering irrigation efficiency about 60 %, water productivity average has decreased to 0.67 kg·m -3 at irrigated land. Water productivity for each crop varies due to agricultural practices and water management in each region.
Calculation of International Virtual Water Trade
Virtual water content of product import is the amount of water that would have been required to produce the product at the place where the product is needed. This definition is particularly relevant how much water Iran needs to supply its agricultural water needs for food security. International crop trade statistics has derived from FAO [21] . The net virtual water import of a country is equal to the gross virtual water import minus the gross virtual water export as described [3] . This study is based on blue water resources (ground and surface water [10, 11] as total volume of water resources consumed in agricultural sector in Iran [22, 23] . 
Calculation of Agricultural Water Footprint
Calculating the water footprint of a nation requires quantifying the flows of virtual water leaving and entering the country. The sum of domestic water use and net virtual ). So, they are included water-intensive products. Virtual water content of each type of crop depends on crop water requirements, climate conditions, crop productivity and irrigation efficiency. For instant, Wheat has variable virtual water content in some provinces. Figure 5 illustrates virtual water content of wheat in different provinces of Iran in [2005] [2006] . Due to arid and semi-arid climate, it is found that northeastern and eastern provinces need more water to produce agricultural crops. It is noticeable that in Northern provinces like Gilan over than 94 percent of wheat production consumes green water resources, Consequently, blue water resources has consumed for crop production. In addition, in western provinces virtual water content of wheat is as weight average of virtual water in Iran (638 m 3 ·ton -1 ). Since difference between virtual water content is related to climate condition, in this region, effective rainfall reduce irrigation water requirement. Rainfall amount in western provinces is variable between 300 to 900 mm per year, while it is about 225 mm per year in eastern provinces. So we can say virtual water content is affected on effective rainfall. Table 2 presents the blue water footprint proportion of wheat production in each province in [2005] [2006] . The greatest share of blue water footprint is related to Fars, Great Khorasan and Khuzestan which is about 21.8, 17.6 and 11.4 percent. The total blue water footprint of wheat production is 9135 m 3 /year that is about 10 percent of total blue water footprint per year.
Agricultural product import and export content are presented in Figure 6 . The greater import product volumes are related in oil seeds (soybean), industrial crops (sugar) and cereals [21] . Iran has imported about 7.80 × 10 8 tons soybeans and 7.5 × 10 8 raw soybean oil, so we transferred secondary products to primary products to calculate the volume of import and export products. The largest share of production export is related to fruits, especially pistachio and apple. On the other hand, Figures 7  and 8 show the virtual water trade related to agricultural crop trade in import and export groups respectively. The production trade causes virtual water flow which import/export water in virtual form to/from nation. It is found the largest volume of products which are shared in import and export in 2006-2007. Figure 9 presents net virtual water content in relation to import and export products. The positive amounts mean that these groups are more import than export virtual water and the negative amounts mean that these groups are more export than import virtual water. This graph shows Iran imported net virtual water about 13.3 bcm due to importing agricultural products and exported 1.6 bcm water in virtual form. The net virtual water of Iran in 2006 was about 11.64 billion cubic meters (bcm). Soybean and pistachio trade were the most important factor to import and export virtual water respectively. Figure 10 shows the share of different categories of agricultural products in agricultural water footprint based on virtual water and production of crops in [2005] [2006] . Cereals has the largest proportion on agricultural water footprint about 42%, then relates 14% to oil seeds such as soybeans and sunflower seeds, 13% to fodder crops, 11% to industrial crops such as sugar cane, sugar beet, cotton and tobacco and 11% to fruits. The total volume of water used for crop production is 110.2 Gm 3 /yr or 1563.2 m 3 /yr/cap. By considering Figure 11 , adding net virtual water import to internal water use results virtual water budget [14, 24] . If we produced production import from internal water resources, because internal water uses consist of gross water need for crops, we should conserve irrigation efficiency in production process. So the real virtual water import and total agricultural water footprint are about 20 tent, they consume about 42% of water resource appropriation in agricultural sector. Therefore, fruits, summer crops and grains have fewer shares in WF in comparison to appropriated land; however industrial crops and oil seeds due to high virtual water content consume more water as intensive water crops.
Conclusions
Virtual water is total water used to produce goods or services. Virtual water content of each crop varies in regions due to differences in climate condition and water productivity. For instant, in arid and semi arid regions of the country, high evaporative demand causes low water productivity to crop production. Sustainable cropping pattern can increase water use productivity, thus decrease virtual water content. Improving irrigation practices promote water use productivity. So, we can increase more irrigated land by significant appropriated water or decline pressure on water resources by saving water. /yr/cap. Iran has supplied about 87% of agricultural water footprint from national water resources and reminded water requirement by virtual water import as international agricultural production trade. Therefore Iran has saved about 20.78 bcm of internal water resources in [2005] [2006] . Although net agricultural water import was about 11.64 bcm, this is not consisting irrigation efficiency. In this research water footprint es-timation has based only on agricultural crops consumption and total water footprint index includes comprehensive consumption pattern. Obviously water footprint of the whole goods and services is greater than agricultural water footprint. Since production process of each commodity requires water. Although industrial and withdrawal sectors consume less water than agricultural sector, their appropriation would be considered.
